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Abstract 
In a recent study, low-k thin films with low k (<2.1) 
and high E (>5 GPa) were obtained by introducing a 
remote plasma step between the traditional PECVD 
deposition and UV curing.  In this study, the UV curing 
step with a wavelength of 172 nm induced more Si-H 
bonds and more densification than the step with a 
broadband (BB) lamp with wavelengths higher than 
200 nm.  This last lamp was then used to form thicker 
films which retained very well the characteristics of the 
thin films. 
 
1. Introduction 
The optimization of a low-k material includes finding a 
compromise between an as low dielectric constant and an 
as high Young’s modulus as possible as well as the 
feasibility to integrate it into single and/or double 
damascene structures. With this philosophy, the following 
manufacturing sequence was developed: firstly PECVD 
deposit a skeleton + porogen SiCOH material, secondly 
apply a remote He/H2 plasma to remove the porogen and 
finish with a UV cure to strengthen the film [1].  A 
limitation of this method is the reduced depth of 
penetration of H radicals to approximately 130 nm, 
because of their recombination. In this paper, the base 
sequence was further investigated and optimized by 
applying different cures and the reproducibility was 
investigated for films of different thicknesses. 
 
2. Experimental 
The Advanced Low-K (ALK) films were deposited on 
top of 300 mm Si wafers and processed (a sequence of 
PECVD deposition, remote plasma and UV cure) and 
characterized as described in detail in ref [1]. In this work 
we studied the influence of two types of UV cures: two 
different types of lamps were evaluated: a narrow band 
(NB) with 172 nm light and a broad band with 
wavelengths higher than 200 nm (BB). 
Films of final thicknesses of 60 nm and 90-100 nm were 
deposited in 1 sequence.  Films of 200 nm thickness were 
obtained either by applying twice the sequence for 
obtaining the 100 nm thick films (with BB cure) or by 
applying twice the deposition and plasma sequence, 
followed by one double as long BB cure. 
The dielectric constant was determined after 
evaporation of Pt metal dots upon the blanket films, the 
accuracy is typically ±0.1.   
 
3. Results and discussion 
Table I shows the influence of the different UV cures on 
the removal of mass from the film and the final thickness of 
the films. This already shows that the NB lamp influences 
the film more than the BB lamp: more mass was removed 
but the film thickness was reduced even more: some 
densification took place. On the other hand, as shown in 
table II, the open porosity remained the same within the 
experimental error for all the samples. The differences in 
dielectric constant were never higher than the experimental 
error of 0.1, as long as the Pt evaporation and C-V 
measurements were done within 48 hs. When the C-V 
measurements were done after more than one week, the k-
value for the 60 nm NB sample increased to 2.4, probably 
due to water absorption, but a thermal treatment of 20 
minutes at 300ºC reduced it back to 2.2. 
The water contact angle also was very similar, although 
the systematically lower value for the NB cure indicated a 
somewhat less hydrophobic film than for the BB cure.  
FTIR analyses, however, showed significant differences 
in the composition of the film, as shown in figure 1 and 
table III.  BB exposure did not decrease the Si-CH3 peak 
around 1280 cm-1 nor the CH3 peak around 2800 cm-1 (inset 
a), while NB exposure decreased both by respectively 36% 
and 50%. The Si-H peak around 2250 cm-1 was only visible 
after the NB exposure (inset b) while around 890 cm-1 it 
increased by a factor of 5 after the NB exposure. These 
results can be explained by the fact that the 172 nm photon 
is energetic enough to break the Si-C band while a 200 nm 
photon is not [2]. The spectrum after NB exposure also 
shows more network Si-O and less cage Si-O than for the 
other samples. 
When comparing the characteristics for the different 
thicknesses, it is clear that the remote plasma removed 
relatively more mass (probably porogen) from the thinner 
60 nm film than from the 90 nm film (a standard NB UV 
cure immediately after deposition removes approximately 
24% of the mass).  Both UV cures were able to remove (at 
least part of) the still remaining porogen. UV spectroscopic 
ellipsometry indicated the presence of little or no porogen 
in all ALK films after the plasma + cure treatments. 
The mass removed by the remote plasma of the second 
100 nm was, within the reproducibility, the same of the 
first 100 nm film, hence no extra porogen were removed 
from the lowest 100 nm film with the second plasma.  
However, the BB cures were able to remove some more 
mass, also from the lowest part of the final 200 nm film, 
certainly if there had been no cure after the first 100 nm. 
This shows, again, that the UV cure was able to modify the 
material deeper than the remote plasma does. 
 
4. Conclusions 
This study showed that a UV cure with a wavelength 
below 200 nm modified a PECVD deposited and remote 
plasma treated low-k material. Almost no skeleton 
modification is observed when a broad band UV cure, 
with wavelengths longer than 200nm, is used.  This BB 
UV cure can, therefore, be used for formation of low-k 
films thicker than 100 nm by repeating the 100 nm 
process twice or more because the skeleton damage 
related to overexposure of the first layer during the 
second layer is excluded 
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Table I : mass removed by the different treatments and final 
thicknesses of the films. 
 
Film Mass 
removed 
by 
plasma 
Mass 
removed by 
cure 
Final 
thickness 
60nm NB cure 39.1% <exp.error 59 nm 
60nm BB cure 38.4% <exp.error 63 nm 
90nm NB cure 30.0% 4.7% 91 nm 
100nm BB cure 30.0% 3.0% 104 nm 
2nd x 100 nm 29.7% 4.3% 200 nm 
200 nm 1 cure 30.7% 6.9% 201 nm 
 
Table II : Open porosity, dielectric constant and water contact 
angle for different ALK films. 
 
 
Table III : relative change of FTIR peak heights (as deposited 
films = 100%)  for the nominally 90 nm ALK sample. 
 
Film CH3 Si-CH3 Si-H 
After remote plasma -50% -9% 0% 
After extra NB cure -75% -36% +400% 
After extra BB cure -50% -9% 0% 
 
 
  
 
 
Figure 1. FTIR spectra of nominally 90 and 100 nm ALK films, as deposited, after remote plasma and after extra NB or BB cure 
 
Film Open 
porosity 
k WCA 
60nm NB cure 45% 2.2 86º 
60nm BB cure 45% 2.1 88º 
90nm NB cure 43% 2.1 88º 
100nm BB cure 44% 2.1 91º 
2nd x 100 nm 42% 2.1 91º 
200 nm 1 cure 42% 2.0 91º 
